ROTARY CUTTING DEVICE AND METHOD FOR MAKING SAME 



BACKGROUND OF THE INVENTION 
The present invention is related to the field of rotary cutting devices, and 
5 more specifically to a blade assembly for a rotary cutter and a method for making 
same. 

Trimmers are known in the prior art and have varied uses, e.g. cutting nose 
and ear hairs, use in arthroscopic and other medical procedures. The main structural 
components include a generally cylindrical extemal head having blades or cutting 

10 teeth thereon, and a generally cylindrical internal cutting head having blades or 
cutting teeth thereon. 

Referring to U.S. Patent No. 5,655,301, the general manner in which a 
personal trimmer is used includes gripping surface 3 between the thumb and 
forefinger of one hand and gripping surface 3 between the thumb and forefinger of 

15 the other hand. For trimming nose hairs, the cutting end of the rotary trimmer is 
inserted approximately 1/8 inch into one of the user's nostrils. An extemal head is 
held in place while an internal head is rotated back and forth by the user. Such 
rotation turns the internal cutting head relative to the extemal cutting head, thereby 
cutting hairs in a known manner. 

20 Other embodiments of a rotary cutting device, such as a mechanical tissue 

ablation implement, are functionally similar. 

It is desirable that a rotary trimmer cleanly cut material without pulling or 
binding of the material between the cutting blades. It is further desired that the 
cutting action be efficient, reducing the effort required to rotate the cutting blades. 

25 The invention will become more readily apparent firom the following 

Detailed Description, which proceeds with reference to the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1 A- IB are side and end view diagrams, respectively, of one 
30 embodiment of a rotary hair trimmer according to the present disclosure. 
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Figs. 2A-2B are side and end view diagrams, respectively, of the external 
head of Figs. lA-lB. 

Figs. 3A-3B are side and end view diagrams, respectively, of the internal 
head of Figs. lA-lB. 
5 Fig. 4 is a side sectional diagram of the extemal head of Figs. 1 A-IB. 

Fig. 5 is a side cross-sectional diagram of the internal head of Figs. lA-lB. 

Figs. 6A-6B and 7A-7B are end view diagrams of a prior art rotary hair 
trimmer. 

Fig. 8 A is side sectional view diagram of an extemal cutting head of a 
10 general rotary trimmer, showing the blade geometry thereof 

Fig. 8B is side sectional view diagram of a prior art rotary trimmer, showing 
the extemal and internal cutting heads. 

Fig. 9 is a side sectional view diagram of the cutting heads of a rotary 
trimmer constructed according to the present disclosure, showing the extemal and 
1 5 internal cutting heads. 

Fig. 10 is a side sectional view diagram of a rotary hair trimmer of the prior 
art, with a plurality of hairs positioned for cutting. 

Fig. 1 1 is a side sectional view diagram of a rotary hair trimmer constructed 
according to the present disclosure, with a plurality of hairs positioned for cutting. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 
Generally, the present invention provides a rotary cutting device. More 
particularly, a rotary cutting device has relatively prime numbers of inner and outer 
cutting teeth. 

25 In a first embodiment shown in Figs. 1 A-3B, a rotary cutting device, such as 

personal hair trimmer 1, includes extemal head 10 and internal head 20. A 
conventional trimmer of this construction typically has means for rotating the heads 
relative to one another, such as shaft 24. Further elements, such as gripping 
elements 3 and retaining pin 4, can also be foxmd in rotary trimmer 1. 
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In the embodiment of Figs. 1 A-3B, intemal head 20 has shaft 24 attached 
thereto and extending through central bore 14. Intemal cutting head 22 is disposed 
at one end of shaft 24, with gripping means 3 at a second end. 

Rotary trimmer 1 operates by rotation of external head 10 against intemal 
5 head 20. Cutting surfaces thereon pass one another, cutting interposed material in a 
scissoring action. The cutting surfaces now will be examined in more detail. 

Turning to the cutting heads more specifically. Fig. 4 shows a magnified side 
view of extemal cutting head 10 of rotary trimmer 1. Extemal head 10 is generally 
of a cylindrical stmcture having central bore 14 with inside diameter DDext- 
10 Extemal head 10 further includes a pliu-ality nexT of extemal cutting teeth 16, 

circularly arrayed on one end of the cutting head. Cutting teeth 16 define openings 
18, through which a material to be cut can be positioned. 

For simplicity of discussion, intemal cutting head 20 is assumed to rotate 
against fixed extemal cutting head 10. It is readily appreciated that the converse can 
15 be employed, or that both extemal cutting head 10 and intemal cutting head 20 can 
rotate to effect cutting. 

Each extemal cutting teeth 16 has leading cutting edge 30, and can also have 
trailing cutting edge 32 (Fig. 4). Disposing both cutting edges on a tooth permits 
bidirectional rotational use of the rotary cutting device. 
20 Intemal cutting head 20, in this embodiment, likewise is a cylindrical 

stmcture having outside diameter ODint- Intemal head 20 has a plurality uint of 
intemal cutting teeth 26 circularly arrayed thereon. Teeth 26 also define openings 
28, through which the material can be positioned for cutting. 

Each intemal cutting tooth 26 similarly possesses leading cutting edges 42, 
25 disposed to slide against leading cutting edge 30 of extemal cutting tooth 16. 

Material, interposed between leading cutting edge 42 and leading cutting edge 30, is 
cut when the heads are rotated opposite directions. 

It is preferable that niNT and uext be relatively prime-that is, that niNx and 
hext have no common divisors. By contrast, prior art devices generally have 
30 numbers of intemal openings and extemal cutting teeth which are not relatively 
prime. 
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For example, where Hint is 4, hext can be 5, 7, 9 and 11, with hint most 
preferably equal to 9. Where niNT is 3, then nExr can be 4, 5, 7, 8, 10 and 1 1. If niNT 
is 5, appropriate relatively prime numbers for uext include 4, 6, 7, 8, 9 and 11. 

The present structure results in alignment of no more than one external 
5 leading edge 30 and one intemal trailing edge 40 in any rotational position. 
Conventional rotary cutting devices, having non-relatively prime numbers of 
external and intemal cutting teeth, permit a plurality of such simultaneous 
alignments. 

In the specific application of a personal hair trimmer, such as that disclosed 

10 in U.S. Patent No. 5,655,301, generally has an extemal cutting head diameter limited 
by the functional need for the cutting assembly to fit within the user's nostril. Given 
this restriction on diameter, increasing next will reduce the size of openings 18. It 
thus becomes less likely that a hair can be interposed within the opening, negatively 
affecting the efficiency of the trimmer. Increasing the number of extemal cutting 

15 teeth 16 also increases the potential for deformation of such teeth away firom 

rotational axis R of the rotary cutting device 1 (Fig. 7A-7B). Alternatively, fewer 
extemal cutting teeth 16, while providing larger openings 18, also provide fewer 
extemal cutting edges 30,32. 

Similarly, the number of intemal cutting teeth 26 must be considered. A 

20 high number of intemal teeth 26 results in partial occlusion of the extemal openings 
28, reducing the pickup of material to be cut. A greater number of intemal cutting 
teeth 26 also reduces intemal cutting tooth 26 cross-section and therefore rigidity, 
increasing the risk of inward deformation (Fig. 6A-6B), 

Finally, the number of intemal cutting teeth 26 affects the width of intemal 

25 openings 28. Cutting efficacy is optimized if intemal openings 28 are wider than 
extemal cutting teeth 16, as this allows extemal teeth 16 to drop into intemal 
openings 28 during operation, allowing scissoring action rather than a guillotine 
action. 

Each alignment instance produces a slight fiictional resistance, or "catching" 
30 of the heads, during rotation. This resistance must be overcome by the rotational 
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force provider, (e.g. motor, manual). Minimization of such alignment instances 
results in lower overall frictional resistance of the cutting heads. 

For manual (non-motor) applications of the present rotary cutting device, 
reduced rotational resistance facilitates smoother operation with less inadvertent 
5 movement of the trimmer during use. Hairs are more readily cut and less prone to 
being pulled by the user, and the risk on accidental injury likewise is decreased. 

Returning to Figs. 4-5, it can be seen that leading cutting edge 30 and trailing 
cutting edge 32 are angled relative to axis of rotation R. Arranging cutting edges 
30,32 at non-zero axial rake angles ^ext (Fig. 11) promotes a scissors-like cutting 
10 action and reduces the cutting force necessary for cutting hairs. 

Greater cutting efficiency translates to less pulling of the material to be cut. 
For hair trimmers, this more efficient action reduces pain or discomfort associated 
with pulling of a hair while cutting, as commonly occurs in conventional designs or 
with dull cutting edges. 
15 A common feature of rotary trimmers is the employment of positive radial 

rake angles (sharp or acute angles on the edges, as seen firom the end) of the cutting 
edges. While sharper radial rake angles generally will yield more efficient cutting, 
they also typically lead to more rapid wear. 

Related to cutting efficiency and the minimization of cutting pressure, it is 
20 desirable to have a non-zero combined axial rake angle. That is, it is desirable that 
leading cutting edges 30 and 42 be non-parallel, as shown in Fig. 11. This 
inequality increases the overall rake angle of the cutting surfaces-i.e., the angle at 
which the planar cutting surfaces present themselves to the material being cut. This 
overall rake angle could instead be increased by increasing the radial rake angles, 
25 but this would accelerate wear. By tilting these cutting surfaces in the other axis, 
cutting efficiency can be improved without accelerating wear. 

A non-zero combined axial rake angle fiirther allows for true scissors action, 
which will provide superior performance in cutting relatively soft, thin objects like 
hairs. 

30 A non-zero combined axial rake angle also avoids the situation shown in Fig. 

10, in which multiple hairs might be cut simultaneously by one pair of cutting edges 
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30,42, increasing local cutting pressure and both modes of tooth deflection (shown 
in Figs. 6B and 7B), leading to increased clearance between cutting elements and 
inefficient cutting. 

Further to the concept of cutting edge alignment leading to rotational 
5 resistance, it also is desirable that cutting edges 30,32 have non-equal axial rake 
angles ^ext- As can be seen more clearly in Fig. 8A-8B, cutting teeth 16 includes 
cutting surfaces 30,32 which, having equal axial rake angles ^ext, will align during 
rotation of extemal cutting head 10 about intemal cutting head 20. Such alignment 
leads to resistance or "sticking," as friction between cutting edges 30,32 retards 

10 rotation. Burrs left on cutting edges 30,32 can exacerbate this phenomenon. 

As shown in Fig. 9, cutting edge 30 of the extemal cutting head 10 and 
cutting edge 40 of the intemal cutting head 20 preferably are non-parallel, i.e., non- 
aUgnable, in the present rotary cutting device. As well, cutting edge 32 of head 10 
and cutting edge 42 of head 20 likewise are preferably non-alignable. The extent of 

15 non-alignment can range from |±1 1 to |±5| degrees and is preferably |±2-3| degrees. 
Such non-alignable orientation means that trailing edges will intersect 
leading edges at a point rather than in a line, increasing smoothness of operation 
(i.e., reducing that intermittent points at which more torque is required to operate the 
trimmer). Smoother fiinction reduces the likelihood of the user moving the 

20 stationary rotary cutting device during operation, reducing the likelihood of pulled 
hairs. For a powered rotary cutting device, smoother fiinction translates to less 
power needed and less wear on the drive mechanism. 

In some applications, it can be advantageous to bore inside diameter IDext of 
extemal head 10 so that this ID is just slightly larger than outer diameter ODint of 

25 intemal head 20. In other applications, like in those involving cutting hair, it is 

advantageous to then slightly deform extemal teeth 16, reducing bore IDext at this 
point so that bore LDext is actually smaller than the outer diameter ODjnt of intemal 
head 10. After assembly, extemal teeth 16 will then push against the intemal head 
20 with spring tension; during operation, extemal teeth 16 will actually drop into 

30 openings 28 in intemal head 20. 
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Such slight deformation of external cutting teeth 16 provides a small 
tolerance between extemal teeth 16 and intemal teeth 26, improving the scissors 
action of the cutting edges. 

The present invention further provides a method for manufacturing cutting 
5 elements for a rotary cutting device. 

Extemal or outer head 10 is provided, having a central bore 14 with IDextemai 
and a plurality of teeth 16 circularly disposed in a cutting region thereon. 

A mandrel is positioned within the central bore 14 at least in the cutting 
region, i.e. the region in which cutting teeth 16 are disposed. The mandrel has an 
10 outside diameter ODint- 

The plurality of teeth 16 in the cutting region then are bead-blasted. The 
bead-blasting process generally is known in the art. Bead-blasting the cutting region 
of the extemal head 10 involves holding and rotating extemal head 10 under a 
nozzle through which flows a pressurized stream of air and blasting media (usually 
15 glass beads). The nature and size of this media, and the pressure and velocity of the 
air stream, will influence the degree to which the substrate will be blasted or peened, 
and the nature of the end result. 

The mandrel is then removed from the central bore 14, and the rotary cutting 
device 1 assembled by insertion of an intemal cutting head 20 in the central bore 14. 
20 Bead-blasting of the extemal cutting head 10 serves to reduce the separation 

distance between the surface defining central bore 14 of the cutting region and the 
outside surface of the mandrel, i.e., to reduce the central bore 14 of the cutting 
region, reducing the clearance between extemal cutting head 10 and intemal cutting 
head 20. This reduction is accomplished by the slight and non-transient deformation 
25 of extemal teeth 16 inward toward rotational axis R. During bead-blasting, it is 

believed that the edges of teeth 16 are peened inward and against the mandrel, with 
such peening being retained in extemal teeth 16 after the bead-blasting step. 

The bead-blasting process also sharpens cutting edges 40,32 of extemal 
cutting teeth 16 and produces serrations thereon. 
30 It can be appreciated that the hardness rating and ductility of the material 

from which the extemal head is constructed can bear upon the degree to which 
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external head-internal head clearance is adjusted. A variety of materials can be 
efficaciously employed, e.g., 300 series and 400-series stainless steel, alloy steels, 
brass. 

Bead-blasting of the leading and/or trailing cutting edges 30,32 results in an 
5 unexpected and marked improvement in the cutting action of a rotary cutting device 
so treated. 

In proof of principle, external cutting head 10 was constructed of 303 
stainless steel, treated as described above and assembled into a rotary cutting device 
similar to that depicted in Fig, 1 A. The cutting action of this prototype was 
10 determined to be surprisingly improved comp2tred to cutting devices constructed 
using traditional cutting edge honing techniques. As well, the play between the 
external cutting head 10 and intemal cutting head 20 was substantially reduced 
compared to rotary cutting devices of the prior art, which reduction could be readily 
detected upon manual operation of the device. 

15 

A person skilled in the art will be able to practice the present invention in 
view of the description present in this document, which is to be taken as a whole. 
Numerous details have been set forth in order to provide a more thorough 
understanding of the invention. In other instances, well-known features have not 

20 been described in detail in order not to obscure unnecessarily the invention. 

While the invention has been disclosed in its preferred form, the specific 
embodiments thereof as disclosed and illustrated herein are not to be considered in a 
limiting sense. Indeed, it should be readily apparent to those skilled in the art in 
view of the present description that the invention can be modified in numerous 

25 ways. The inventor regards the subject matter of the invention to include all 

combinations and sub-combinations of the various elements, features, fimctions 
and/or properties disclosed herein. 
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